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Abstract
The strong coupling constants of newly observed Ω0c baryons with spin J =
1
2 and J =
3
2 decaying
into Ξ+c K
− are estimated within light cone QCD sum rules. The calculations are performed within
two different scenarios on quantum numbers of Ωc baryons: a) all newly observed Ωc baryons
are negative parity baryons, i.e., the Ωc(3000), Ωc(3050), Ωc(3066), and Ωc(3090) have quantum
numbers JP = 12
−
and JP = 32
−
states respectively; b) the states Ωc(3000) and Ωc(3050) have
quantum numbers JP = 12
−
and JP = 12
+
, while the states Ωc(3066) and Ωc(3090) have the
quantum numbers JP = 32
−
and JP = 32
+
, respectively. By using the obtained results on the
coupling constants, we calculate the decay widths of the corresponding decays. The results on
decay widths are compared with the experimental data of LHC Collaboration. We found out
that the predictions on decay widths within these scenarios are considerably different from the
experimental data, i.e., both considered scenarios are ruled out.
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I. INTRODUCTION
Lately, in the invariant mass spectrum of Ξ+c K
−, very narrow excited Ωc states (Ωc(3000),
Ωc(3050), Ωc(3066), Ωc(3090), and Ωc(3119)) have been observed at LHCb [1]. Quantum
numbers of these newly observed states have not been determined in the experiments yet.
Hence, various possibilities about the quantum numbers of these states have been speculated
in recent works. In [2], the states Ωc(3050) and Ωc(3090) are assigned as radial excitation
of ground state Ωc(3000) and Ω
∗(3066) baryons with the JP = 1
2
+
and 3
2
+
, respectively.
On the other hand, in [3–7] these new states are assumed as the P -wave states with JP =
1
2
−
, 1
2
−
, 3
2
−
, 3
2
−
and 5
2
−
respectively. Moreover the new states are assumed as pentaquarks
in [8]. Similar quantum numbers of these new states are assigned in [9]. Analysis of these
states is also studied with lattice QCD, and the results indicated that most probably these
states have JP = 1
2
−
, 3
2
−
, 5
2
−
quantum numbers [5]. Another set of quantum number
assignments, namely 3
2
−
, 3
2
−
, 5
2
−
, and 3
2
+
is given in [3]. In [10], it is obtained that the
prediction on mass supports assigning Ωc(3000) as J
P = 1
2
−
, Ωc(3090) as J
P = 3
2
−
or the
2S state with JP = 1
2
+
, and Ωc(3119) as J
P = 3
2
+
.
In this work, we estimate the strong coupling constants of Ω0c → Ξ+c K− in the framework
of light-cone QCD sum rules. In our calculations, two different possibilities on quantum
numbers of Ωc baryons are explored:
a) All newly observed Ωc states have negative parities. More precisely, Ωc(3000), Ωc(3050)
have quantum numbers JP = 1
2
−
, Ωc(3066), Ωc(3090) have
3
2
−
, and Ωc(3119) has
quantum numbers 5
2
−
.
b) Part of newly observed Ωc baryons have negative parity, and another part represents
as a radial excitations of ground state baryons, i.e., Ωc(3000) has J
P = 1
2
−
, Ωc(3050)
has JP = 1
2
+
; Ωc(3066) and Ωc(3090) states have quantum numbers J
P = 3
2
−
and 3
2
+
,
respectively.
Note that the strong coupling constants of Ωc → Ξ+c K− decays within the same framework
are studied in [11], and in chiral quark model [12] respectively. However, the analysis
performed in [11] is incomplete. First of all, the contribution of negative parity Ξc baryons
is neglected entirely. Second, in our opinion the numerical analysis presented in [11] is
inconsistent.
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The article is organized as follows. In section II the light cone sum rules for the coupling
constants of Ωc → Ξ+c K− decays are derived. Section III is devoted to the analysis of the
sum rules obtained in the previous section. In this section, we also estimate the widths of
corresponding decays, and comparison with the experimental data is presented.
II. LIGHT CONE SUM RULES FOR THE STRONG COUPLING CONSTANTS
OF Ωc → Ξ+c K− TRANSITIONS
For the calculation of the strong coupling constants of Ωc → Ξ+c K− transitions we consider
the following two correlation functions in both pictures,
Π = i
∫
d4xeipx〈K(q)|ηΞc(x)η¯Ωc(0)|0〉, (1)
and
Πµ = i
∫
d4xeipx〈K(q)|ηΞc(x)η¯µΩ∗c (0)|0〉, (2)
where ηΞc (ηΩc) is the interpolating current of Ξc (Ωc) baryon and η
µ
Ω∗c
is the interpolating
current of JP = 3
2
Ω∗c baryon:
ηΞc =
1√
6
ǫabc
{
2(ua
T
Csb)γ5c
c + 2β(ua
T
Cγ5s
b)cc + (ua
T
Ccb)γ5s
c
+ β(ua
T
Cγ5c
b)sc + (ca
T
Csb)γ5u
c + β(ca
T
Cγ5s
b)uc
} (3)
ηΩc = ηΞc(u→ s) (4)
ηµΩ∗c =
1√
3
ǫabc
{
(sa
T
Cγµsb)cc + (sa
T
Cγµcb)sc + (ca
T
Cγµsb)sc
}
(5)
where a, b and c are color indices, C is the charge conjugation operator and β is arbitrary
parameter.
We calculate Π (Πµ) employing the light cone QCD sum rules (LCSR). According to the
sum rules method approach, the correlation functions in Eqs. (1) and (2) can be calculated
in two different ways:
• In terms of hadron parameters,
• In terms of quark-gluons in the deep Euclidean domain.
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These two representations are then equated by using the dispersion relation, and we get
the desired sum rules for corresponding strong coupling constant. The hadronic represen-
tations of the correlation functions can be obtained by saturating Eqs. (3) and (4) with
corresponding baryons.
Here we would like to note that the currents ηΞc , ηΩc , and ηΩ∗c interact with both positive
and negative parity baryons. Using this fact for the correlation functions from hadronic part
we get
Π(had) =
∑
i=+,−
j=+,−
〈0|ηΞc|Ξjc(p)〉〈K(q)Ξjc(p)|Ωic(p+ q)〉〈Ωic(p+ q)|η¯Ωc|0〉
(p2 −m2Ξcj )
(
(p+ q)2 −m2Ωc(i)
) , (6)
Πµ
(had)
=
∑
i=+,−
j=+,−
〈0|ηΞc|Ξjc(p)〉〈K(q)Ξjc(p)|Ωic∗(p+ q)〉〈Ωic∗(p+ q)|η¯µΩc|0〉
(p2 −m2Ξcj )
(
(p+ q)2 −m2Ω∗c(i)
) . (7)
The matrix elements in Eqs. (6) and (7) are determined as
〈0|ηB|B(+)(p)〉 = λ+u(p),
〈0|ηB|B(−)(p)〉 = λ−u(p),
(8)
〈K(q)B(p)|B(p+ q)〉 = gu¯(p)iΓu(p+ q), (9)
〈K(q)B(p)|B∗(p+ q)〉 = g∗u¯(p)Γ′uµ(p+ q)qµ, (10)
where,
Γ =


γ5 for − (+)→ −(+)
1 for − (+)→ +(−) transitions,
(11)
Γ′ =


1 for − (+)→ −(+)
γ5 for − (+)→ +(−) transitions,
(12)
and g is strong coupling constant of the corresponding decay, λB(i) are the residues of the
corresponding baryons, uµ is the Rarita-Schwinger spinors. Here the sign +(−) corresponds
to positive (negative) parity baryon. In further discussions, we will denote the mass and
residues of ground and excited states of Ωc(Ω
∗
c) baryons as: m0, λ0(m
∗
0, λ
∗
0), m1, λ1(m
∗
1, λ
∗
1),
m2, λ2(m
∗
2, λ
∗
2) for scenario a); and for scenario b), the same notation is used as in previous
case by just replacing m2, λ2(m
∗
2, λ
∗
2) to m3, λ3(m
∗
3, λ
∗
3). Moreover, the mass and residues
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of Ξc baryons are denoted as m
′
0, λ
′
0 and m
′
1, λ
′
1. Using the matrix elements defined in
Equations (8) to (10) for the correlation functions given in Equations (1) and (2) we get (for
case a):
Π = iA1(/p+m
′
0)γ5(/p+ /q +m0)
+ iA2(/p+m
′
0)(/p+ /q +m1)(−γ5)
+ iA3γ5(/p+m
′
1)(/p+ /q +m0)
+ iA4γ5(/p+m
′
1)γ5(/p+ /q +m1)(−γ5)
+ iA5(/p+m
′
0)(/p+ /q +m2)(−γ5)
+ iA6γ5(/p+m
′
1)γ5(/p+ /q +m2)(−γ5)
(13)
Πµ = +A∗1(/p+m
′
0)(/p+ /q +m
∗
0)(−qµ)
+ A∗2(/p+m
′
0)γ5(/p+ /q +m
∗
1)(−γ5)(−qµ)
+ A∗3γ5(/p+m
′
1)γ5(/p+ /q +m
∗
0)(−qµ)
+ A∗4γ5(/p+m
′
1)(/p+ /q +m
∗
1)(−γ5)(−qµ)
+ A∗5(/p+m
′
0)γ5(/p+ /q +m
∗
2)(−γ5)(−qµ)
+ A∗6γ5(/p+m
′
1)(/p+ /q +m
∗
2)(−γ5)(−qµ) + other structures,
(14)
where
A
(∗)
1 =
λ
(∗)
0 λ
′
0g
(∗)
1
(m′0
2 − p2)(m(∗)0 2 − (p+ q)2)
A
(∗)
2 =A1
(
m
(∗)
0 → m(∗)1 , g(∗)1 → g(∗)2 , λ(∗)0 → λ(∗)1
)
A
(∗)
3 =A1
(
m′0 → m′1, g(∗)1 → g(∗)3 , λ′0 → λ′1
)
A
(∗)
4 =A3
(
m
(∗)
0 → m(∗)1 , g(∗)3 → g(∗)4 , λ(∗)0 → λ(∗)1
)
A
(∗)
5 =A2
(
m
(∗)
1 → m(∗)2 , g(∗)2 → g(∗)5 , λ(∗)1 → λ(∗)2
)
A
(∗)
6 =A5
(
m′0 → m′1, g(∗)5 → g(∗)6 , λ′0 → λ′1
)
(15)
The result for the scenario b) can be obtained from Eqs. (13) and (14) by following replace-
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ments:
A5(/p+m
′
0)(/p+ /q +m2)(−γ5)→ A˜5(/p+m′0)iγ5(/p+ /q +m3)
A6γ5(/p+m
′
1)γ5(/p+ /q +m2)(−γ5)→ A˜6γ5(/p+m′1)(/p+ /q +m3)
A∗5(/p+m
′
0)γ5q
α(/p+ /q +m
∗
2)(−γ5)(−gµα)→ A˜5(/p+m′0)qα(/p+ /q +m∗3)(−gµα)
A∗6γ5(/p+m
′
1)q
α(/p+ /q +m
∗
2)(−gµα)(−γ5)→ A˜6γ5(/p+m′1)qαγ5(/p+ /q +m∗3)(−gµα).
(16)
Note that to derive Eq. (14), we used the following formula for performing summation
over spins of Rarita-Schwinger spinors
∑
uα(p)u¯β(p) = −(/p +m)
(
gαβ − γαγβ
3
+
2pαpβ
3m2
+
pαγβ − pβγα
3m
)
(17)
and in principle one can obtain the expression for the hadronic part of the correlation
function. At this stage two problems arise. One of them is dictated by the fact that the
current ηµ interacts not only with spin 3/2 but also 1/2 states. The matrix element of the
current ηµ with spin 1/2 state is defined as
〈0|ηµ|1/2〉 = A
(
γµ − 4
m
pµ
)
u(p), (18)
i.e., the terms in the RHS of Eq.(17) ∼ γµ and the right end (p+ q)µ contain contributions
from 1/2 states, which should be removed. The second problem is related to the fact that
not all structures appearing in Eqs. 14 are independent. In order to cure both these problems
we need ordering procedure of Dirac matrices. In present work, we use ordering of Dirac
matrices as /p/qγµ. Under this ordering, only the term ∼ gµα contains contributions solely
from spin 3/2 states. For this reason, we will retain only gµα terms in the RHS of Eq.(14).
In order to find sum rules for the strong coupling constants of Ωc → Ξ+c K− transitions
we need to calculate the Π and Πµ from QCD side in the deep Euclidean region, p
2 → −∞,
(p + q)2 → −∞. The correlation from QCD side can be calculated by using the operator
product expansion.
Now let demonstrate steps of calculation of the correlation function from QCD side. As
an example let consider one term of correlation Πµ, i.e. consider
Πµ ∼ ǫabcǫa1b1c1
∫
d4xeipx〈K(q)| 1√
6
2(uaTCγ5sb1)cc1(x)
[
c¯c1(0)(s¯
b1(0)γµCs¯
a1T )|0〉] (19)
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By using Wick’s theorem, this term can be written as;
Πµ ∼ǫabcǫa1b1c1
∫
d4xeipx〈K(q)|
{
s¯a11 (γµC)
TSbb1Ts (x)C
Tua1(x)γ5S
cc1
c (x)
− (s¯b1(0)γµCSba1Ts CTua)γ5Scc1c (x)
}
|0〉
(20)
From this formula, it follows that to obtain the correlation function(s) from QCD side, first
of all we need the expressions of light and heavy quark propagators. The expressions of the
light quark propagator in the presence of gluonic and electromagnetic background fields are
derived in [13]:
S(x) =
i/x
2π2x4
− mq
4πx2
− igs
16π2
∫
du
{
u¯/xσαβ + uσαβ/x
x2
[gsG
αβ(ux) + eqF
αβ]
− imq
2
[gsGµνσ
µν + eqFµνσµν ](ln
−x2Λ2
4
+ 2γE)
}
.
(21)
The heavy quark propagator is given as,
SQ =
∫
d4k
(2π)4
e−ikx
i(/k +mQ)
k2 −m2Q
− igs
∫
d4k
(2π)4i
∫ 1
0
du
[ /k +mQ
2(m2Q − k2)2
Gµν(ux)σµν
+
ixµ
m2Q − k2
Gµν(ux)γν
] (22)
where γE is the Euler constant.
For calculation of the correlator function(s) we need another ingredient of light-cone
sum rules, namely the matrix elements of non-local operators q¯(x)Γq(y) and q¯(x)ΓGµνq(y)
between vacuum and the K-meson , i.e. 〈K(q)|q¯(x)Γq(y)|0〉 and 〈K(q)|q¯(x)ΓGµνq(y)|0〉.
Here Γ is the any Dirac matrix, and Gµν is the gluon field strength tensor, respectively.
These matrix elements are defined in terms of K-meson distribution amplitudes (DA’s).
The DA’s of K meson up to twist-4 are presented in [12].
From Eqs. (13) and (14) it follows that the different Lorentz structures can be used for
construction of the relevant sum rules. Among of six couplings, we need only A2(A
∗
2) and
A5(A
∗
5) and A2(A
∗
2) and A˜5(A˜
∗
5) for the cases a) and b) respectively. For determination of
these coupling constants, we need to combine sum rules obtained from different Lorentz
structures. From Eqs.(13) and (14) (for case a) it follows that the following Lorentz struc-
tures /p/qγ5, /pγ5, /qγ5, γ5, and /p/qqµ, /pqµ, /qqµ, and qµ appear. We denote the corresponding
invariant functions Π1,Π2,Π3,Π4 and Π
∗
1,Π
∗
2,Π
∗
3 and Π
∗
4, respectively. Explicit expressions
of the invariant functions Πi and Π
∗
i are very lengthy, and therefore we do not present them
in the present study.
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The sum rules for the corresponding strong coupling constants are obtained by choosing
the coefficients aforementioned structures and equating to the corresponding results from
hadronic and QCD sides. Performing doubly Borel transformation with respect to variable
p2 and (p+ q)2 in order to suppress the contributions of higher states and continuum we get
the following four equations (for each transition).
ΠB1 = −A(B)1 −A(B)2 + A(B)3 + A(B)4 −A(B)5 + A(B)6 ,
ΠB2 = A
(B)
1 (m0 −m′0) + A(B)2 (−m1 −m′0) + A(B)3 (−m0 −m′1) + A(B)4 (m1 −m′1)
+ A
(B)
5 (−m2 −m′0) + A(B)6 (m2 −m′1)
ΠB3 = A
(B)
1 (−m′0) + A(B)2 (−m′0) + A(B)3 (−m′1) + A(B)4 (−m′1) + A(B)5 (−m′0) + A(B)6 (−m′1)
ΠB4 = A
(B)
1 (m0m
′
0 −m′02) + A(B)2 (−m′0m1 −m′02) + A(B)3 (m0m′1 +m′12)
+ A
(B)
4 (−m′1m1 +m′12) + A(B)5 (−m′0m2 −m′02) + A(B)6 (−m2m′1 +m′12)
(23)
Π∗B1 = −
{
A∗1
(B) + A∗2
(B) − A∗3(B) − A∗4(B) + A∗5(B) − A∗6(B)
}
,
Π∗B2 = −
{
A∗1
(B)(m∗0 +m0
′) + A∗2
(B)(m′0 −m∗1) + A∗3(B)(−m∗0 +m′1)
+ A∗4
(B)(m∗0 +m
′
1) + A
(B)
5 (−m2∗ +m′0) + A(B)6 (m′1 +m2∗)
}
Π∗B3 = −
{
A∗1
(B)m′0 + A
∗
2
(B)m′0 + A
∗
3
(B)m′1 + A
∗
4
(B)m′1 + A
∗
5
(B)m′0 + A
∗
6
(B)m′1
}
Π∗B4 = −
{
A∗1
(B)(m∗0m
′
0 +m
′
0
2
) + A∗2
(B)(m′0
2 −m∗1m′0) + A∗3(B)(−m′12 +m′1m∗0)
+ A∗4
(B)(−m′12 −m′1m∗1) + A∗5(B)(m′02 −m′0m∗2) + A∗6(B)(−m′12 −m′1m∗2)
}
(24)
where superscript B means Borel transformed quantities,
AB(∗)α = g
(∗)
α λiλ
′
je
−m2i /M
2
1−m
2
j/M
2
2 . (25)
The masses of the initial and final baryons are close to each other, hence in the next
discussions, we set M21 = M
2
2 = 2M
2. In order to suppress the contributions of higher states
and continuum we need subtraction procedure. It can be performed by using quark-hadron
duality, i.e. starting some threshold the spectral density of continuum coincide with spectral
density of perturbative contribution. The continuum subtraction can be done using formula
(M2)ne−m
2
c/M
2 → 1
Γ(n)
∫ s0
m2
dse−s/M
2
(s−m2c)n−1 (26)
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For more details about continuum subtraction in light cone sum rules, we refer readers to
work [14].
As we have already noted in case a) we need to determine two coupling constants g2(g
∗
2)
and g5(g
∗
5) for each class of transitions. From Eqs (23) and (24) it follows that we have
six unknown coupling constants but have only four equations. Two extra equations can be
obtained by performing derivative over (1/M2) of the any two equations. In result, we have
six equations and six unknowns and the relevant coupling constants g2(g
∗
2) and g5(g
∗
5) can
be determined by solving this system of equations.
The results for scenario b) can be obtained from the results for scenario a) with the help
of aforementioned replacements.
From Eqs (23) and (24), it follows that to estimate strong coupling constants g2(g
∗
2) and
g5(g
∗
5) responsible for the decay of Ωc → ΞcK and Ω∗c → ΞcK, we need the residues of Ωc
and Ξc baryons. For calculation of these residues for Ωc, we consider the following two point
correlation functions
Π(p) =
∫
d4xeipx〈0|T{ηΩc(x)η¯Ωc(0)}|0〉,
Πµν(p) =
∫
d4xeipx〈0|T{ηµΩc(x)η¯νΩc(0)}|0〉.
(27)
The interpolating currents ηΩc and ηµΩc couples not only to ground states, but also to
negative (positive) parity excited states, therefore their contributions should be taken into
account. In result, for physical parts of the correlation functions we get,
Π(p) =
〈0|η|Ωc(p, s)〉〈Ωc(p, s)|η¯(0)|0〉
−p2 +m20
+
〈0|η|Ω1c(p, s)〉〈Ω1c(p, s)|η¯(0)|0〉
−p2 +m21
,
+
〈0|η|Ω2(3)c(p, s)〉〈Ω2(3)c(p, s)|η¯(0)|0〉
−p2 +m22
+ ... ,
(28)
Πµν =
〈0|ηµ|Ω∗c(p, s)〉〈Ω∗c(p, s)|η¯ν(0)|0〉
m∗
2
0 − p2
+
〈0|ηµ|Ω∗1c(p, s)〉〈Ω∗1c(p, s)|η¯ν(0)|0〉
m∗
2
1 − p2
+
〈0|ηµ|Ω∗2(3)c(p, s)〉〈Ω∗2(3)c(p, s)|η¯ν(0)|0〉
m∗22 − p2
+ ...
(29)
where the dots denote contributions of higher states and continuum. The matrix elements
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in these expressions are defined as
〈0|η|Ωc(p, s)〉 = λ0u(p),
〈0|η|Ω1(2)c(p, s)〉 = λ1(2)γ5u(p)
〈0|η|Ω∗c(p, s)〉 = λ∗0uµ(p),
〈0|η|Ω1(2)c(p, s)〉 = λ∗1(2)γ5uµ(p).
(30)
As we already noted, only the structure gµν describes the contribution coming from 3/2
baryons. Therefore we retain only this structure.
For the physical parts of the correlation function, we get
Πphy =
(/p+m0)λ
2
0
m20 − p2
+
(/p−m1)λ21
m21 − p2
+
(/p∓m2(3))λ22(3)
m22(3) − p2
Πphyµν =
(/p+m∗0)gµνλ
∗2
0
m∗
2
0 − p2
+
(/p−m∗1)gµνλ∗21
m∗
2
1 − p2
+
(/p∓m∗2(3))λ22(3)
m∗
2
2(3) − p2
.
(31)
Here in the last term, upper(lower) sign corresponds to case a) (case b).
Denoting the coefficients of the Lorentz structures /p and I operators Π1, Π2 and /pgµν ,
gµν as Π
∗
1, Π
∗
2 respectively and performing Borel transformations with respect to −p2, for
spin 1/2 case we find,
ΠB1 = λ
2
0e
−m20/M
2
+ λ21e
−m21/M
2
+ λ22(3)e
−m22/M
2
,
ΠB2 = λ
2
0m0e
−m20/M
2 − λ21m1e−m
2
1/M
2 ∓ λ22(3)m2(3)e−m
2
2(3)
/M2 .
(32)
The expressions for spin 3/2 case formally can be obtained from these expressions by
replacing λ→ λ∗, m→ m∗ and Π→ Π∗. The invariant functions Πi, Π∗i from QCD side can
be calculated straightforwardly by using the operator product expansion. Their expressions
are presented in [15] (see also [7]).
Similar to the determination of the strong coupling constant, for obtaining the sum rule
for residues we need the continuum subtraction. It can be performed in following way. In
terms of the spectral density ρ(s) the Borel transformed ΠB can be written as
ΠBi =
∫ ∞
m2c
ρi(s)e
−s/M2ds (33)
The continuum subtraction can be done by using the quark-hadron duality and for this aim
it is enough to replace ∫ ∞
m2c
ρi(s)e
−s/M2ds→
∫ s0
m2c
ρi(s)e
−s/M2ds. (34)
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It follows from the sum rules we have only two equations, but six (three masses and
three residues) unknowns. In order to simplify the calculations, we take the masses of Ωc as
input parameters. Hence, in this situation, we need only one extra equation, which can be
obtained by performing derivatives over ( −1
M2
) on both sides of the equation. Note that the
residues of Ξc baryons are calculated in a similar way.
III. NUMERICAL ANALYSIS
In this section we present our numerical results of the sum rules for the strong coupling
constants responsible for Ωc(3000) → Ξ+c K− and Ωc(3066) → Ξ+c K− decays derived in
previous section. The Kaon distribution amplitudes are the key non-perturbative inputs of
sum rules whose expressions are presented in [12]. The values of other input parameters are:
fK = 0.16 GeV,
m20 = (0.8± 0.2) GeV2,
〈q¯q〉 = −(0.240± 0.001)3 GeV3,
〈s¯s〉 = 0.8 〈q¯q〉.
(35)
The sum rules for g−+ and g
∗
−+contain the continuum threshold s0, Borel variableM
2 and
parameter β in interpolating current for spin 1/2 particles. In order to extract reliable values
of these constants from QCD sum rules, we must find the working regions of s0, M
2 and β in
such a way that the result is insensitive to the variation of these parameters. The working
region of M2 is determined from conditions that the operator product expansion (OPE)
series be convergent and higher states and continuum contributions should be suppressed.
More accurately, the lower bound of M2 is obtained by demanding the convergence of OPE
and dominance of the perturbative contributions over the non-perturbative one. The upper
bound of M2 is determined from the condition that the pole contribution should be larger
than the continuum and higher states contributions. We obtained that both conditions are
satisfied when M2 lies in the range
2.5 GeV2 ≤ M2 ≤ 5 GeV2. (36)
The continuum threshold s0 is not arbitrary and related with the energy of the first excited
state i.e. s0 = (mground + δ)
2. Analysis of various sum rules shows that δ varies between 0.3
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and 0.8 GeV, and in this analysis δ = 0.4 GeV is chosen. As an example, in Figs. 1 and 2 we
present the dependence of the residues of Ωc(3000) and Ωc(3050) on cos θ for the scenario a)
at s = 11 GeV2 and several fixed values of M2 , respectively. From these figures, we obtain
that when cos θ lies between −1 and −0.5 the residues exhibits good stability with respect
to the variation of cos θ and the results are practically insensitive to the variation of M2.
And we deduce the following results for the residues
λ1 = (0.08± 0.03) GeV3,
λ2 = (0.11± 0.04) GeV3.
(37)
Performing similar analysis for Ωc baryons in scenario b) we get (Figs. 3 and 4)
λ1 = (0.030± 0.001) GeV3,
λ3 = (0.04± 0.01) GeV3.
(38)
The detailed numerical calculations lead to the following results for spin 3/2 Ωc baryon
residues:
λ∗1 = (0.18± 0.02) GeV3,
λ∗2 = (0.17± 0.02) GeV3,
(39)
λ∗1 = (0.024± 0.002) GeV3,
λ∗3 = (0.05± 0.01) GeV3.
(40)
From these results we observe that the residues of Ωc baryons in scenario a) is larger than
that one for the scenario b). This leads to the larger strong coupling constants for scenario
b) because it is inversely proportional to the residue.
Having obtained the values of the residues, our next problem is the determination of the
corresponding coupling constants using the values of M2 and s0 in their respective working
regions which are determined from mass sum rules . In Figs. 5, 6, 7, and 8, we studied the
dependence of the strong coupling constants for Ω∗c → ΞcK0 transitions for the scenarios
a) and b) on cos θ, respectively. We obtained that when M2 varies in its working region
the strong coupling constant demonstrates weak dependence on M2, and the results for the
12
Scenario-a Scenario-b
(GeV) (GeV)
Γ(Ωc(3000) → ΞcK) 8.1 ± 1.8 0.10 ± 0.02
Γ(Ωc(3050) → ΞcK) 14.1 ± 3 (3.8 ± 1.2) × 10−3
Γ(Ωc(3066) → ΞcK) (6.6 ± 3)× 10−3 (1.6 ± 0.6) × 10−5
Γ(Ωc(3090) → ΞcK) (1.3± 0.5) × 10−2 0.10 ± 0.04
TABLE I. Decay widths for the two-scenarios considered are shown.
spin-3/2 states also practically do not change with the variation of s0. Our results on the
coupling constants are:
For scenario a:
g2 = 19± 2 g∗2 = 40± 10
g5 = 20± 2 g∗5 = 42± 10
(41)
For scenario b:
g2 = 2.2± 0.2 g∗2 = 2.0± 0.5
g˜5 = 6± 1 g˜5∗ = 8± 1
(42)
The decay widths of these transitions can be calculated straightforwardly and we we get;
Γ =
g2i
16πm3i
[
(mi +m
′
0)
2 −m2K
]
λ1/2(m2i , m
′2
0 , m
2
K)
Γ =
g∗2i
192πm∗
5
i
[
(m∗i +m
′
0)
2 −m2K
]
λ3/2(m∗
2
i , m
′2
0 , m
2
K)
(43)
where mi(m
∗
i ) and m
′
0 are the mass of initial spin 1/2 (spin 3/2) Ωc baryon and Ξc baryons
respectively and λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz. Having the relevant strong
coupling constants, the decay width values for scenario a) and b) are shown in Table I.
Our results on the decay widths are also drastically different than the one presented in
[11]. In our opinion, the source of these discrepancies are due to the following facts:
• In [11], the contributions coming from Ξ−c baryons are all neglected.
• The second reason is due to the procedure presented in [11], namely by choosing the
relevant threshold s0, isolating the contributions of the corresponding Ωc baryons is
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incorrect. From analysis of various sum rules, it follows that s0 = (mground+δ)
2, where
0.3 GeV ≤ δ ≤ 0.8 GeV. Since the mass difference between Ωc(3000) and Ωc(3090)
is around 0.1 GeV, isolating the contribution of each baryon is impossible while their
contributions should be taken into account simultaneously. For these reasons our re-
sults on decay widths are different than those one predicted in [11]. From experimental
data on the width of Ωc are [16]:
Γ(Ωc(3000)→ Ξ+c K−) = (4.5± 0.6± 0.3) MeV
Γ(Ωc(3050)→ Ξ+c K−) = (0.8± 0.2± 0.1) MeV
Γ(Ωc(3066)→ Ξ+c K−) = (3.5± 0.4± 0.2) MeV
Γ(Ωc(3090)→ Ξ+c K−) = (8.7± 1.0± 0.8) MeV
Γ(Ωc(3119)→ Ξ+c K−) = (1.1± 0.8± 0.4) MeV
(44)
We find out that, our predictions strongly differ from the experimental results.
By comparing our predictions with the experimental data, we conclude that both
scenarios are ruled out.
IV. CONCLUSION
In conclusion, we calculated the strong coupling constants of negative parity Ωc baryon
with spins 1/2 and 3/2 with Ξc and K meson in the framework of light cone QCD sum
rules. Using the obtained results on coupling constants we estimate the corresponding de-
cay widths. We find that our predictions on the decay widths under considered scenarios
are considerably different from experimental data as well as theoretical predictions and con-
sidered both scenarios are ruled out. Therefore further theoretical studies for determination
of the quantum numbers of Ωc states as well as for correctly reproducing the decay widths
of Ωc baryons are needed.
14
V. ACKNOWLEDGMENTS
The authors acknowledge METU-BAP Grant no. 01-05-2017004.
[1] R. Aaij et al. (LHCb), Phys. Rev. Lett. 118, 182001 (2017).
[2] S. S. Agaev, K. Azizi, and H. Sundu, EPL 118, 61001 (2017).
[3] M. Karliner and J. L. Rosner, Phys. Rev. D95, 114012 (2017).
[4] W. Wang and R.-L. Zhu, Phys. Rev. D96, 014024 (2017).
[5] M. Padmanath and N. Mathur, Phys. Rev. Lett. 119, 042001 (2017).
[6] Z.-G. Wang, Eur. Phys. J. C77, 325 (2017).
[7] T. M. Aliev, S. Bilmis, and M. Savci, (2017), arXiv:1704.03439 [hep-ph].
[8] G. Yang and J. Ping, Phys. Rev. D97, 034023 (2018).
[9] K.-L. Wang, L.-Y. Xiao, X.-H. Zhong, and Q. Zhao, Phys. Rev. D95, 116010 (2017).
[10] Z.-G. Wang, X.-N. Wei, and Z.-H. Yan, Eur. Phys. J. C77, 832 (2017).
[11] S. S. Agaev, K. Azizi, and H. Sundu, Eur. Phys. J. C77, 395 (2017).
[12] P. Ball, V. M. Braun, and A. Lenz, JHEP 05, 004 (2006).
[13] I. I. Balitsky and V. M. Braun, Nucl. Phys. B311, 541 (1989).
[14] V. M. Belyaev, V. M. Braun, A. Khodjamirian, and R. Ruckl, Phys. Rev. D51, 6177 (1995).
[15] T. M. Aliev, K. Azizi, and A. Ozpineci, Phys. Rev. D79, 056005 (2009).
[16] C. Patrignani et al. (Particle Data Group), Chin. Phys. C40, 100001 (2016).
15
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
- 1λ
 = 3.0 2M
 = 3.52M
 = 4.02M
 = 4.52M
 = 5.02M
2
 = 11 GeV0s
FIG. 1. The dependence of residue for Ωc(3000) on cos θ at s0 = 11 GeV
2 and at various fixed
values of M2 for scenario a).
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FIG. 2. Same as in Fig. 1, but for Ωc(3050).
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FIG. 3. Same as in Fig. 1, but for scenario b).
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FIG. 4. Same as in Fig. 2, but for scenario b).
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FIG. 5. The dependence of strong coupling constant for Ωc(3066) → ΞcK on cos θ at s0 = 11 GeV2
and at three fixed values of M2 for scenario a).
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FIG. 6. Same as in Fig. 5, but for Ωc(3090)→ ΞcK transition.
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FIG. 7. Same as in Fig. 5, but for scenario b).
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FIG. 8. Same as in Fig. 6, but for scenario b).
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